Polyphenol oxidase activity in mango (Mangifera indica L.) in relation to flowering behaviour and the malformation incidence.
Introduction
Mango, the choicest fruit of India, occupies a pre-eminent place amongst fruit crops and is acknowledged as "the king of fruits" in this country. There are about 1600 cultivars of mango in the world, of which about 1200 exist in India [1] . However, only a few cultivars have attained commercial status in the world mango industry.
There are many inherent problems associated with the mango industry in the world, but the problem of biennial bearing is one of the major problems as it renders mango cultivation less remunerative to the growers and is thus the major bottleneck in the expansion of the mango industry. Several aspects like climatological factors [2] , age and size of the shoot [2] [3] [4] , carbon:nitrogen ratio [5, 6] , and hormonal imbalance [6] [7] [8] may be closely associated with biennial bearing, but, at the present time, no definite knowledge could explain which factors are responsible for biennial bearing in mango [9] . Polyphenol oxidase (PPO), a widely distributed enzyme in plants, has been studied thoroughly to assess its role in higher plants. Mayer and Harel [10] reported its association with in vivo synthesis and accumulation of phenolic compounds. Further, polyphenols have been reported to be associated with the formation of IAA -an auxin [11] and auxins are reported to be closely associated with vegetative growth and subsequent flowering in mango [6] [7] [8] , although Briggs and Ray [12] and Tomaszewski and Thimman [13] have shown their doubts about this role of PPO.
Malformation, a disorder of international significance, affects with variable intensity, different mango cultivars (both regular and biennial bearers) in North India and in other parts of the world [14] [15] [16] and its incidence has been inversely related to PPO activity [16] . Thus, PPO activity (catecholase and cresolase) may have some relation to flowering, and studies were therefore conducted to establish a relation between PPO activity and flowering behaviour, PPO activity and malformation incidence, and flowering behaviour and malformation incidence in mango.
Materials and methods
Five uniformly maintained full bearing plants (14-15 year old) were selected for the studies. Each of them were regular ('Sensation', 'Eldon', 'Tommy Atkins', 'Amrapali', 'Neelum' and 'Bangalora') or biennial bearing ('Langra', 'Chausa', 'Edward', 'St. Alexandrina', 'Extrema' and 'Bombay Green'), with a known history of regularity / bienniality. In the years 1999 and 2000, fully swollen buds at the beginning of panicle initiation (March) were excised and used for measuring polyphenol oxidase (both catecholase and cresolase) activity. Enzyme assay was done in 24 samples per plant per variety. The total number of panicles healthy and malformed panicles in each variety were counted during March and averaged for calculating malformation incidence. The data on PPO activity of both the years were averaged, pooled and analysed by using simple split plot design [17] . Correlations between PPO activity and number of panicles (flowering behaviour), PPO activity and malformation incidence were calculated.
Preparation of crude enzyme extract
The crude enzyme extract was prepared at 4 o C as per the procedure of Sharma et al. [16] . The swollen buds were chopped and mixed before preparing enzyme extract. One g of chopped material was homogenised with 5 mL of 100 mM of phosphate buffer (pH 7.3) containing 10 mM of sodium ascorbate in a blender for 15 s, filtered through four layers of gauze and centrifuged at 3,000 g for 30 min. The precipitate was re-extracted for 15 min with 5 mL of 1.5% Triton-X-100, prepared in 100 mM phosphate buffer (pH 7.3). The final volume of the extract was made up to 25 mL with phosphate buffer (pH 7.3). The filtrate was then centrifuged at 15,000 g for 1 h. An ammonium sulphate fractionation was carried out, and the fraction precipitating between 45% and 95% saturation was collected and re-dissolved. After dialysis, this solution was used as an enzyme source.
Enzyme assay
Both catecholase and cresolase activities were measured spectrophotometrically at 400 nm as per the procedure of Sharma et al. [16] .
Catecholase activity was measured by using 30 mM of 4-methyl catechol (4MC) as substrate, made in 10 mM of sodium acetate buffer (pH 4.5). To 1 mL crude enzyme extract, 3 mL of 100 mM phosphate buffer (pH 7.3) was added. To this mixture, 1 mL of substrate was added at zero time and the change in absorbance at 400 nm was recorded in a CL-1200 spectrophotometer.
The cresolase activity was also measured similarly, except that 4-methyl phenol (p-cresol) was used as substrate made in 10 mM of phosphate buffer (pH 7.0). The enzyme activity was represented as change in absorbance at 400 nm per g of tissue weight per min (∆ A 400 × g -1 × min -1 ).
Results

Polyphenol oxidase activity
Polyphenol oxidase (catecholase and cresolase) activity varied widely in different cultivars and both the seasons. Catecholase and cresolase activities were higher both in regular and biennial bearers during the year 2000 than in 1999. However, the rise in activities was comparatively higher in biennial bearers than in regular bearers (table I ). In general, the regular bearing cultivars exhibited low PPO activity (0.657) as 
Panicle emergence
Regular and biennial bearing cultivars produced varying numbers of panicles in both the years. The regular bearers produced as many as 165. 
Malformation incidence
The incidence of malformation was observed to be non-significant between the years but significant between the cultivars. In general, the malformation incidence in the regular bearers was significantly higher (46.13%) than in the biennial bearers (35.12%). Further, all the regular bearers were more infested with malformation than the biennial bearers ( 
Correlation
An inverse relation (r = -0.890) was observed between PPO (catecholase and cresolase) activity and the number of panicles formed. Similarly, the correlation between PPO activity and malformation was also strongly negative (r = -0.913).
Discussion
There exists wide variation among different mango cultivars in respect to catecholase and cresolase activity (table I ). This variation in enzyme activity in different cultivars may be attributed to genetic differences [16] . The regular bearing cultivars exhibited low PPO activity as compared to the biennial bearers. PPO is responsible for in vivo synthesis of phenolic compounds, which are secondary metabolites [10, 18] . Organic materials in terms of manures and fertilisers are used every year for the production of new vegetative growth, subsequent flowering and fruiting process in regular bearers, whereas these are kept reserved in the 'off ' year in the alternate bearers [8] . Thus, low catecholase and cresolase (PPO) activity in regular bearers may be due to the dilution of polyphenols in the 'on' year and vice versa. Moreover, PPO is involved in the formation of auxin (IAA) by acting on tryptophan [11] and high concentration of auxin favours vegetative growth, which may inhibit the flowering and fruiting process in mango [6] [7] [8] . Thus, higher enzyme activity in alternate bearers favours vegetative growth and inhibits flowering during the 'off' year in mango. Further, the catecholase activity was at all times higher than that of cresolase activity, both in regular and biennial bearing cultivars. Lower cresolase activity may probably be due to its lag period, greater instability and rapid loss during its extraction [16, 19] .
A wide variability was observed in the emergence of panicles in regular and biennial bearers in both years (table I ). The regular bearers flowered in both years, whereas the flowering process was reduced drastically in the biennial bearers during 2000. The year 1999 being the 'on' year, alternate bearers produced panicles but induced very few panicles in the year 2000, being the 'off' year for them. Among the regular bearers, 'Amrapali' produced the highest number of panicles (200.8) and 'Tommy Atkins' the lowest (134.5). Similarly, among the alternate bearers, 'Langra' produced the maximum (75.9) and 'St. Alexandrina' the minimum number of panicles (62.3). This variable response of the regular and biennial bearers to the flowering may be due to the genetical and inherent factors associated with different cultivars responsible for fruiting in mango [8] . Further, flowering behaviour can also be correlated with catecholase and cresolase activity. The enzyme activity in the regular bearers had been low and these produced a higher number of panicles. In contrast, the biennial bearers had exhibited the higher PPO activity and these produced a lower number of the panicles (table I ). Among the regular bearers, 'Amrapali' had the lowest catecholase and cresolase activity and produced the maximum number of panicles (200.8) and 'Tommy Atkins', which had the highest enzyme activities, produced the lowest number of panicles (134.5). Further, the strongly negative correlation (r = -0.890) between the enzyme activity and the number of panicules indicates the inverse relation with the regularity in bearing, as low activity had favoured the regularity and the high activity the bienniality in mango.
The intensity of malformation also differed greatly among different mango cultivars. In general, the incidence of malformation was higher in regular bearing cultivars (46.13%) than in the biennial bearing ones (35.12%). Higher malformation incidence in regular bearing cutivars may be due to low PPO activity, which might have resulted in poor synthesis of phenolic compounds [16] . These compounds are generally responsible for the defence mechanism in plants [10, 18] . Among the regular bearers, 'Amrapali' had the highest incidence of malformation (52.83%) and had exhibited the lowest PPO activity (0.591) and 'Tommy Atkins' had the least incidence of malformation (41.20%) and had exhibited the highest activity (0.717). Similarly, among the regular bearers, 'Langra' was the worst affected by malformation (38.70%) and 'St. Alexandrina' the least (table I ). This variation in malformation incidence among the cultivars may be due to genetic variability and inherent factors associated with the susceptibility to or resistance against malformation [16] . Further, the correlation between PPO activity and malformation incidence is strongly negative, showing an inverse relation between PPO activity and malformation incidence, i.e., higher the PPO activity, the lower the malformation, and lower the PPO activity, higher the malformation incidence.
Conclusions
Low PPO activity favours flowering (panicle development) and incidence of malformation, whereas, high PPO favours bienniality and disfavours malformation incidence in mango. Further, the regular bearers are more prone to the development of malformation than the biennial bearers.
